In this paper we investigate the problem of cooperative beamforming design in cognitive radio network with a primary network and a secondary network.
Introduction
In this paper, we consider cognitive relay network (CNR), which includes both parts: the cognitive radio network and the relay network. We know that the cognitive radio network is an effective way in improving the spectrum utilization rate and in coping with the spectral limitations. Spectrum scarcity in wireless networks allocation becomes a major problem that has triggered a broad range of research activities because of fixed spectrum. The spectrum utilization efficiency of wireless systems by adopting the innovative idea of cognitive radio (CR), which allows the secondary users (SUs) to dynamically access the licensed spectrum originally allocated to the primary users (PUs) [1] . Cognitive users detect the given channel environment at specific times actively and change their transmission or reception parameters to communicate efficiently for avoiding interference with licensed or unlicensed users [2] [3] . The major challenge for CR networks is to ensure the quality-of-service (QoS) of PUs while trying to maximize the throughput of SUs. When SUs are allowed to use the spectrum concurrently with a PU, the resultant interference power at the PU has to be kept below a certain threshold [3, 4] .This constraint limits the allowed transmit power of SUs and the throughput of SUs.
The relay network is a powerful technology, which can combat signal fading due to multipath propagation in a wireless medium. Cognitive relay network is a potential way to improve the performance of SUs and guarantee the Qos of PUs. In [5] [6] [7] , the authors investigate the outage probability of SUs in the cognitive relay network. Cooperative beamforming which is used in cognitive radio network is another technology. It mitigates the interference power on the primary users and improves the secondary performance. A cognitive relay network includes an additional constraint corresponding to the interference effects on the primary users, which increase the complexity of the problem. The idea of using a single-antenna relay station (RS) to implement the one-way relaying in CR networks has attracted a great deal of attention lately [8] . The results obtained show the throughput improvement of SUs. We will adopt this idea in this paper. Cooperative beamforming which has been studied in the traditional relay network successfully is very new to the cognitive networks [8] In this paper, we will study the advantage of choosing cooperative beamforming in CR networks. We consider an underlay CR network which includes a primary and a secondary network which is two-way transmission. The relay strategy selects the amplify-and-forward (AF) protocol for simplifying the system. The rest of the paper is organized as follows. Section 2 provides the details of the system model. Section 3 gives the details of the signal model. Section 4 proposes the method of solving optimal problem. Section 5 and Section 6 provide the numerical simulations and conclusion respectively.
Throughout this paper, we adopt the following notations:
Ex as the expectation of,
is the conjugate transpose of x , and () r a n k X , ( ) tr a c e X represent the rank and the trace of matrix X respectively.
System Model
We study that a cognitive radio network shares spectrum resources with a primary network. The cognitive radio network (CRN) as shown in Figure 1 . It includes two parts as: primary network (PN) with the primary transmitter (PT) and the primary destination (PD), and secondary network (SN) with the secondary transmitters (S1,S2),
All nodes in network have been configured with one antenna. We assume that there is no direct link between the transmitters, the help of relays is necessary to establish the two-way communication link in the secondary network. We assume S1, S2 are far from PD and PT is far from S1 and S2, so the interferences between them may be ignored and we assume a flat fading scenario. We denote the channel between PT and PD as
denote the channel between PT and relays, 12 , , , 1, 2 , ,
are the channel between S1 and relays, between S2 and relays, between relays and PD respectively.
Figure 1. System Model
The two transmitters in the CN divide the process into two sub-processes. In the first sub-process, PT transmits message 1 s to PD, S1 and S2 transmit message 12 , xx to the relays SR respectively. In the second sub-process, PT transmits message 2 s to PD and SRs retransmit the received signal to S1 and S2 respectively. We herein use a two-step amplify-and-forward (AF) protocol. To simplify the analysis, we assume that 12 , , 1, 2 x x s s are independent to each other, and
Our aim is to obtain the optimal beamforming weight coefficient and minimum transmission power of the relays in ensuring the QoS of the primary network users.
Signal Model
In this section, we will deduce the optimal signal model for the transmission power of relay beamforming. For the practical purpose, we assume the half-duplex transmission and the time-division duplex is employed.
We denote 12 ,, P P P P as the transmit power of PT, S1 and S2. In the first sub-process: The received signal at i th relay is given as follows:
represents the complex Gaussian noise at the i th relay. In the second sub-process: The received signals of PD,S1 and S2 are respectively: 
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The Total Power of Relays
In the section, our aim is to obtain the optimal beamforming weight coefficient and minimum transmission power of the relays. But we must ensure the GoS of the primary network users, which is that the interference is less than the threshold  given in advance for primary network users, moreover, we must ensure that the SNRs of the secondary network users are larger than some threshold 12 ,
.
So, the optimal model can write as following: 
Where, 
Let
The SDP relaxation of (13) 
The dual problem is . □ So, the algorithm for solving the optimal problem (11) in order to obtain the optimal beamforming weights and the minimal power of relays is summarized below: 
Numerical Simulations
In this section, we do many simulations to study the performance of the secondary network under different situations, and these simulations are based on independent Rayleigh flat-fading channels. The relays are uniformly distributed over the region whose center is at (0, 0) and radius is 0.8. PT, PD, S1, and S2 are at (-0.75, 1.5), (0.75, 1.5), (-1, 0) and (1, 0) respectively. The noise of S1 and S2 is 1 [12] [13] .We design the optimal model that minimize the total transmitter power of relays. We discuss the cases of N=10,15, 20. And let 12 1 5
,
. Fig 2 depicts that the total transmitter power of relays become large with the increase of SNRs of secondary network regardless of how many the relay number is. When SNRs>12Db, the total transmitter power of relays rise rapidly with the increase of SNRs. Simultaneously, we can see that the total transmitter power of relays decreases significantly with the increase of the relay number. Moreover, when SNRs are larger requested, the decrease of the total transmitter power is very obvious. This conclusion is described to increase the number of relay the relay can decrease the total transmit power. However, since the increased number of relays is bound to be affected by cost constraints, we think the relays number 20 is more reasonable, which is because the minimum transmit power of the relays are relatively close in 15 and 20. It is unworthy to get such little gain to use so more relays in practice.
Conclusion
In this paper, we study a cooperative and cognitive radio system where a cognitive RS aids two SUs in exchanging their information while maintaining the interference power at a PU under a certain threshold. Two-way relaying is employed in order to obtain high spectrum efficiency. We provide the structure of the optimal relay BF that minimizes the achievable powers of relay. We design an algorithm based on the SDP relaxation method for this model and prove that there is a rank-one optimal solution which is the optimal solution of the original problem. So we obtain weights of the beamforming and the optimal power of relays. Moreover, we advise a reasonable number of the relays by numerical simulation. 
